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INTRODUCTION 
In metastatic carcinoma of the prostate, high levels 
of acid phosphatase are found in the serum (19). The 
measurement of acid phosphatase in serum is a valuable 
~tid in diagnosis of this disease a.nd in following the 
response to treatment. 
The prostate produces large amounts of acid phos-
phatase, and cancerous prostate as well as distant met-
astases show this . ability. When the prostate is normal, 
no significant amount of the enzyme is present in the 
serum. It is found in semen in high concentration, and. 
spasmodically in urine. Large amounts of the enzyme us-
ually leak into the blood, however, from carcinoma of the 
prostate and from metastases of this origin (55). About 
20 % of patients with prostatic carcinoma do not have ab-
normal levels even though the disease is far adva.nced (54). 
Since the acid phosphatase of serum is not all of 
prostatic ori gin, it is desirable to be able to distin-
guish the 11 prostatic 11 enzyme in dealing w1 th prostatic 
disease. Serum contains variable amounts of non-prosta-
tic acid phospha.tases. This fraction consists of red cell 
acid phosphatase and others less well characterized. Acid 
phosphatases of different origin show different substrate 
specificities and respond differently to certain activa-
1 
tors or inhibitors. 
Phenyl phosphate is readily hydrolyzed by red cell 
acid pho~hatase and other phosphatases, and direct meas-
urements using this substrate do not give a measure of the 
prostatic component alone. Abul-Fadl and King (1) using 
phenyl phosphate as substrate studied the effects of a 
variety of activators and inhibitors on prostatic phos-
phatase and on red cell and plasma acid phosphatases. They 
showed that cu++ destroys the red cell enzyme and that 
L-tartrate inhibits prostatic acid phosphatase, but does 
not affect red cell or plasma acid phosphatases. These 
principles were utilized by Fishman and Lerner (14), who 
used the criterion of L-tartrate inhibition to determine 
serum acid phosphatase of proste.tic origin. 
The inhibition of prostatic acid phosphatase by al-
cohol and selective inactivation by heat were employed by 
Herbert (22) using phenyl phosphate substrate. 
Kintner (33) employed formaldehyde to inactivate the 
pho sphatases of non-pro static origin in serum. This re-
duced the non-prostatic portion so that the values ob-
tained more nearly represented the prostatic fraction. 
He also found alcohol inactivation useful in estimating 
prostatic phosphatase. 
On the other hand,)B-glycerophosphate as a substrate 
is rapidly split by prostatic acid phosphatase, but slow-
2 
ly split by red cell phosphatase. 1'/oodard (54) states 
that, using this substrate, no significant elevations of 
serum acid phosphatase have been found in men (or women) 
in the absence of prostatic carcinoma, except in a few 
cases of trauma, or other conditions permitting leakage 
of prostatic secretion into the general circulation. 
By comparing the ratios of P hydrolyzed from mor-
pholine ethanol phosphate and from)9-glycerophosphate, 
Desjobert et al. (11) devised a method to determine wheth-
er the acid phosphatase in serum was predominantly of 
prostatic origin. 
Yeast adenylic acid (3-adenylic) has a phosphate 
group attached_ to the #3 carbon of the ribose portion of 
the molecule. This phosphate group is quite labile to 
phosphatase action, and. adenylic acid has been employed 
as a substrate in some studies of both acid and alkaline 
phosphatase. 
Levene and Dillon (39) in studies of intestinal nuc-
leotidase employed several substrates including adenylic 
acid. They found that the capacity o.f the enzyme to hyd-
rolyze different organic phosphates (excepting nucleic 
acids) was proportional to its glycerophosphatase activity. 
Schmidt et al. (48) in studies of yeast nucleic acid 
structure used prostatic extracts to hydrolyze various 
substrates. They found that 3-adenylic acid was dephos-
phorylated about three times as rapidly asjB-glycerophos-
3 
phate. They also observed that the a ccumulation of hydro-
lysis proctucts had a relatively slight influence on the rs.te 
of dephosphorylation. Time-hydrolysis curves 1-rere es s en-
tially monomolecular up to a.bout 80,.g hydrolysis. 
Fischman et al. (13) employed 3-adenylic acid for the 
assay of prostatic acid phosphatase in extracts of normal 
and abnormal prostatic tissue. They state: 
11
'J:lhis substrate, which is now commer-
cially available, is particularly suit-
able for the determinations because of 
the rapid rate at which it is hydrolyzed 
by the enzyme. It is split by pros-
tatic phosphatase about three times as 
rapidly asft-glycerophosphate. ~!'his 
difference might possibly be of value 
in blood analysis in order to distin-
guish prostatic phosphatase from acid 
phosphatases of other origin. 11 
In a recent review Rosenmund (46) notes that the use 
of 3-adenylic acid to distinguish prostatic phosphatase 
from other acid phosphatases in blood as suggested by Fisch-
man et al. has not yet been confirmed. 
Three-Adenylic acid was employed by Bernhard. and_ Rosen-
bloom (5) as a substrate for alkaline phosphatase in serum. 
They compared this substrate with adenosinetriphosphate snd 
with ,6-glycerophosphate. They stated: 
11 Yeast adenylic acid substrate ga.ve the 
most consistent results, it is a stable 
compound, not subject to spontaneous hydrol-
ysis in acid solutions. 11 
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In studies of the phosphomonoesterase in hemolysates 
of red blood cells, Tsuboi and Hudson (52) found 3-adenylic 
acid unsuited because of certain side reactions. The de-
phosphorylation of adenylic acid by phosphate.se yields inor-
ganic phosphate and adenosine. A nucleoside phosphorylase 
found in red cells is capable of phosphorylating the ribose 
of adenosine according to the reaction: 
adenosine+ inorganic s 5 adenine + ribose-1-phosphate 
phosphate (11 A) 
For this reason there was concurrent dephosphoryl a tion and 
phosphorylation. Measurement of inorganic phosphate before 
and after incubation indicated the net difference of more 
than one reaction. At pH 5 there was maximum accumulation 
of inorganic phosphate. At pH 7 a net loss of phosphate oc-
curred. Other phosphorylation reactions are also indicatea. 
by the net disappearance of inorganic phosphate. The extent 
to which these phosphorylation reactions would interfere in 
determinations of serum acid phospha.te.se in the presence of 
adenylic acid is not known. 
Goldberg and Jones (16 A) recently employed a large 
variety of substrates, including 3-adenylic acid, in charac-
terizing the phosphatase of human endometrium. In this 
study, comparison of the phosphatase activity of homogenates 
of endometrium, homogenates of prostate gland and dilutions 
of seminal fluid was made. On the basis of the similarities 
5 
in substrate specificity and susceptibility to various in-
hibitors of these different enzyme preparations, it appears 
possible that the phosphatases from these sites may play a 
similar role in the metabolism of spermatozoa. 
This investigation was undertaken to devise a practi-
cal procedure for acid phosphatase assay in serum using 3-
adenylic acid as substrate and to determine its suitability 
for routine clinical use in distinguishing the prostatic 
portion of the acid phosphatase of serum. 
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HISTORY 
USE OF VARIOUS SUBSTRATES IN SERUM 
PHOSPHATASE DETERMINATION 
A wide vs.riety of organic phosphates have been employed 
as substrates in studies of phosphatase action. Many of the 
methods have a rather specialized application. Of the many 
substrates which have been studied, only a few have come in-
to widespread usage for determination of phosphatase in ser-
um. Phenyl phosphate and)B -glycerophosphate have been used 
most widely for this purpose. 
Beta-glycerophosphate. 
Kay (27) introduced the use of~-glycerophosphate in 
1930 as a substrate for the determination of alkaline phos-
phRta.se in plasma. The substrate was incubated. with plasms. 
for 48 hours. The inorganic phosphate split from the sub-
strate was determined at the end of this period by the meth-
od of Fiske a.nd Subbarow (15). Jenner and Kay (25) later 
increased the sensitivity of the determination by using stan-
nous chloride reagent (37,38) for the reduction of phospho-
molybdate. This allowed reduction of the incubation time to 
three hours. 
The method of Bodansky (8) for alkaline phosphatase 
employing stannous chloride reduction shortened. the incuba-
tion period to one hour. 
7 
Woodard (53) adapted the method of Bodansky to meas-
urements at various pH's and employed it in her studies of 
acid and alkaline phosphatases (55,54). Lundsteen and Ver-
merhen (42) devised a. micro method for alkaline phosphatase 
in which amidol was used as the reducing agent. A 24 hour 
incubation was required. By certain modifications Roe and 
Whitmore (47) devised a method for alkaline phosphatase 
having a one hour incubation period using the Fiske and 
Subbarow (15) method for phosphate determination. The more 
recent method of Shinowara, Jones and Reinhart (51) gives 
macro and micro procedures for both alkaline and acid phos-
phatases. Stannous chloride reduction is used. 
Phenyl phosphate. 
Phenyl phosphate as a substrate is split more rapidly 
thanj3-glycerophosphate by prostatic phosphatase (35). It 
has been widely used as a substrate for alkaline and acid 
phosphatase. When hydrolyzed by phosphatase, both phenol 
and inorganic phosphate are formed. The extent of phospha-
tase action may be determined by assaying for either product 
after the substrate has been incubated with material con-
taining the enzyme for a definite time. 
King and Armstrong ( 31) introduced phenyl phosphate e.s 
a substi•ate for pho spha.tase in 1934. Their method, for alka-
line phosphatase in serum, employed a thirty minute incuba-
tion period, after which the phenol split from the substrate 
8 
was determined with the reagent of Folin and Ciocalteu (16). 
Gutman s.nd Gutman (20) adapted the King and Armstrong method 
to the determination of acid phosphatase in serum. 
Binkley et al. (7) made certain modifications in the 
method. They employed phosphotyrosine as an alternate sub-
strate. 
Benetti et al. (3) instituted the use of special sub-
strate controls to correct for spontaneous hydrolysis of 
the substrate. The selective inhibition of prostatic phos-
phatase by L-tartrate was utilized by Fi shms.n and Lerner 
(14) to increase the specificity of the assay for the pros-
tatic component of serum acid phosphs.tase. 
An iodometric titration method for the determination 
of hydrolyzed phenol was used by D6n and Vajda (12). 
Several other methods for the determination of the 
hydrolyzed phenol have been introduced. Gomori (17) in-
troduced the use of diazotized 5-nitro-2-aminoanisole (Red 
B) which produces a red azo dye with phenol. Methods for 
alkaline and acid phosphats.se are given. Kaplan ano_ Nara-
hara (26) have made certain modifications of this method. 
King et al. (30) have recently extended the King and 
Armstrong method by giving procedures by which the liber-
ated phosphate is determined instead of phenol. This fac-
ilitates simultaneous determination of serum inorganic phos-
phate. 
Recently Kind and King (28) and PowelJ_ and Smith (45) 
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have given methods in which the phenol is determined 1dth 
4-aminoantipyrine (A.A.P.). This method was originally 
proposed by Grifols (18) for this purpose. It is not nec-
essary to remove the serum proteins before development of 
the color by this method. 
Kosikowsky and ~ahlberg (34) have used a 2,6-dtbromo-
quinonechoroimine reagent to determine phenol in phospha-
tase testing of cheese. Phosphatase determinations are 
done on dairy products as an index of pasteurization. 
Other Substrates. 
Para-nitrophenyl phosphate is very convenient as a 
substrate. The p-nitrophenol which results from the hyd-
rolytic action of phosphatase assumes a deep yellow color 
when made alkaline. Removal of serum proteins is not nec-
essary with this substrate, though jaundiced sera give a 
high blank. Ohmori (44) used this substrate to a.etermine 
alkaline phosphatase in plasma. King and Delory (32) used 
p-nitrophenyl phosphate as substrate in studies with puri-
fied alkaline phosphatase. They, however, assayed for phos-
phate by the method of Fiske and Subbarow (15) rather than 
for nitrophenol. Bessey et al. (6) developed a micro-method 
for serum alkaline phosphatase with this substrate. Hudson 
et al. (23) and Andersch and Szuzypinski (2) have given 
methods for serum acid phosphatase employing this substrate. 
King (29) prepared a number of phosphates of chromo-
10 
gen s and tested them as substrates for phosphatases. He 
found phenolphthalein phosphate suitable for some purposes. 
Bray and King (9) applied it to detect phosphatase nroduc-
tion on bacteriological media. The phenolphthalein resul-
ting from enzymatic action was detected by "developing" the 
plates with ammonia vapor. Huggins and Talalay (24) used 
phenolphthalein phosphate to devise methods for serum a_lka-
line and acid phospha.tase. In the case of a~kaline phospha-
tase the kinetics may be followed continuously, since the 
incubation pH is sufficiently alkaline to give the red. color 
of phenolphthalein. With acid phosphatase determinations 
the incubation mixture must be made alkaline to read. the 
color in a colorimeter. One disadvantage of this substrate 
is that it contains more than one phosphate group. Hence 
the rate of phenolphthalein liberation is not directly pro-
portional to the concentration of the enzyme (24,23). Ma.t-
tenheimer (43) suggests tetracolamine-phenolphthalein phos-
phate as an alternate, more stable substrate. 
Beta-naphthyl phosphate has also been a.da.pted as a 
substrate for serum a.lkaline and acid phosphata.se by Sel-
igman et al. (.50). The resultingj-naphthol is coupled to 
Blue B (tetrazotized diorthoa.nisidine) to give a purple dye. 
The color is extracted with ethyl acetate and measured. 
Phosphotyrosine has been mentioned (page 9) as an 
alternate substrate to phenyl phosphate (?). 
Morpholine ethanol phosphate also has been used in 
11 
ac id phosphatase determine.tions on serum (11). The rate 
at "t<~Thich this substrate is hydrolyzed relative to that at 
which ,a-glycerophosphate is hyo.rolyzed provides an ind.ex 
of whether the acid phosphatase of the serum tested is 
predominantly of prostatic origin. 
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EXPERIMENTAL 
In view of the previous use of 3-adenylie acid as a 
substrate for various purposes and its being suggested for 
this purpose, the following experimental work was under-
taken. 
It might be felt that adenylic acid would Possess the 
advantage of being a 11 natural 11 substrate for phosphatase. 
This would not seem to be a necessary consideration in the 
assay of the enzyme. It should be pointed out that 5-ade-
nylic acid (muscle adenylic acid) is one of the substances 
in the body on which serum acid phosphatase has an action, 
but that 3-adenylic acid (yeast adenylic acid) is not. 
Yeast adenylic acid is more readily obtained commercially 
and is cheaper. 
A colorimetric method whereby inorganic phosphate is 
determined with and without an incubation period is well 
adapted_ to the facilities of an ord_inary clinical l~tbora­
tory. The increase in inorganic phosphate with incubation 
is a measure of the enzyme. The determination on unincu-
bated sBmples gives a simultaneous measure of inorganic P 
in the serum, which is frequently desired. 
For determining phosphate the Fiske and Subbarow (15) 
method is reliable and relatively easy. In cases ~mere 
the acid lability of the substrate causes difficulty, the 
methods of Lowry and Lopez (41) or of Berenblum and Chain 
13 
(4 ) have been applied. In working with an extremely lab-
ile substrate, N-phosphoglycine, Schwartz et al. (49) used 
magnesia mixture tc precipitate the inorganic phosphate. 
Bernhard and Rosenbloom (5) used the Fiske ana_ Sub-
barow method w1 th )-adenylic acid substrate in their pro-
cedure for serum alkaline phosphatase. They found this 
substrate stable to acid hydrolysis, and the acidity of 
the reagents used in this method caused no difficulty. 
Fischman et al. and Schmidt et al. also used the Fiske 
and Subbarow method with this substrate. 
The procedure developed for )-adenylic was compared 
with a comparable procedure usingjS-glycerophosphate. This 
allowed a more critical comparison with a method in common 
usage. The method used with;B-glycerophosphate was approx-
imately as given in Hawk, Oser and Summerson (21). Since 
relative results only were desired, some changes in volumes 
1-rere made to fa.cili tate pipetting. A simple acetate buffer 
was used in the incubation mixture. The sa..me concentr2.tion 
of substrate a..nd the same pH (pH 5) were used. 
Procedure 
Prepare in duplicate: 
Incubateo_ se.mple Serum control 
10 ml.- buffered substrate 10 ml.- buffered substre.te 
0.5 ml.- serum 0.5 ml.- serum 
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Eauilibrate the buffered. sub-
strate in a water bath at 
38oc. before adding serum. 
Mix by inversion and incu-
bate for exactly one hour. 
Add 2 ml. of 31% trichloro-
acetic acid to halt enzyme 
action and precipitate pro-
teins. Mix by inversion. 
Mix and immediately 
add 2 ml. of 31% 
trichloroacetic 
a cid. Mix. 
Centrifuge these tubes and pipette off superna-
tant. 
11 Substrate blanks"' against which all tubes are 
read in the colorimeter, are begun by substituting 0.5 ml. 
of water for serum. Standards also are prepared by substi-
tuting 0.5 ml. of a standard solution of KH2P04 (containing 
8 mg. of P per 100 ml.) for serum. These tubes are carried 
through the same procedures as the serum control, omitting 
the incu~tion and centrifugation steps. 
To Evelyn colorimeter tubes add: 
10 ml.- supernatant (or the eaui va.lent stan-
dard or blank solution) 
1 ml.- Molybdate II Reagent 
0.4 ml.- Aminonaphtholsulfonic Acid Reagent 
Mix and allow color to develop for 15 minutes. 
Read the % transmission at 720 ~in Evelyn colorimeter. 
The 11 substrate blank 11 is set at 100% T and the other tubes 
15 
are read against this. 
Reagents -
Buffered Adenylic Acid Substrate (prepare()_ in 0.2M 
acetate buffer) 
Yeast Adenylic Acid - 200 mg. 
Sodium acetate (CH3COONa·3H20) - 2.72 g. 
Dissolve in about 90 ml. of water and adjust pH 
to 5.75 with glacial acetic acid. Dilute to 100 
ml. with water. Store in cold. 
Buffered Glycerophosphate Substrate 
Di-sodium~-glycerophosphate (Eastman) - 500 mg. 
Sodium acetate (CH3COONa·3H20) --------- 2.72 g. 
Dissolve in about 90 ml. of water and adjust pH 
to 5.0 ~~th glacial acetic acid. Dilute to 100 
ml. with water. Store in cold. 
Molybdate II Reagent 
Dissolve 25 g. of reagent - grade ammonium molyb-
da.te in about 400 ml. of water. Do not heat 
above 80°C. In a 1 liter volumetric f_le.sk place 
300 ml. of lON sulfuric acid. Add the molybdate 
solution and dilute With washings to 1 liter 
with water. Stable indefinitely. 
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Aminonaphtholsulfonic Acid Reagent 
In a large mortar place 0.5 g. of 1,2,4-amino-
naphtholsulfonic acid and 1 g. of sodium sulfite. 
Grind together and add 29 g. of sodium bisulfite. 
Grind this in also and dissolve in 200 ml. of 
water. Store in the cold. Crystals separate 
but the supernatant fluid is active. May be 
kept one or two months. 
The substrate solutions keep fairly well in the cold 
for several weel{S. If blanks become more tl1.a.n faintly blue, 
the substrate solutions should be discarded. When the tubes 
are read against a ppropriate 11 substrate blanks" as outlineo_, 
the small amounts of phosphate resulting from spontaneous 
breakdown of the substrates is automatically corrected for. 
Since the purpose of investigating 3-adenylic acid as 
a substrate was to have a substrate with high relative sen-
sitivity to prostatic phosphatase, a purified concentrate of 
prostatic phosphatase was added to the serum pools used in 
certain aspects of the work. This preparation, made a.ceoro_-
ing to the procedure of Da.vison et al. (10), was supplied by 
Dr. Davison. This purified extract was dissolved in water (1 
mg. per ml.). This solution, in turn, was diluted 1:2000 or 
1:2500 in ser~m or in 1% bovine albumin for use. At this 
high dilution the extracts were more stable in solutions con-
taining some protein. 
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In the developmental procedures the enzyme activity 
was expressed simply as mg. of P hydrolyzed from the sub-
strate under the conditions outlined. Note that the phos-
phate is expressed in terms of its P component. The method 
by which the standards were prepared considerably simpli-
fied the calculation since the same aliquots were involved 
as with the incubated sample and control. The amount of 
inorganic P in an incubated sample (or control) relative 
to the known amount introduced into the standard (0.5 ml. 
of a solution containing 8 mg. of P per 100 ml. = 0.04 mg. 
of P) is simply the ratio of the optical densities. The 
color of standards and blanks is developed in solutions 
containing the same amounts of all reagents as the incu-
bated samples and controls. This requirement is most simp-
ly met by preparing them in the same way except for substi-
tuting a standard phosphate solution or '\vater for the serum. 
The standard is thus subject to the same pipetting errors 
as is the determination on serum. 
The 3-adenylic acid used in this work was obta ined 
from two different sources - Nutritional Biochemicals Cor-
p oration and Mann Research Laboratories.* These separate 
* Analysis of Adenylic Acid from different sources: Nutritional Biochemicals Corporation: 
N -- 20.18% P -- 8.95% 
Mann Research Laboratories: 
N -- 19.45% P 8.65% 
Theoretical: 
. (f/ 
N -- 20.17/o p 8.92% 
18 
samples were comp·ared with each other as substrates by in-
cubating each with duplicate samples of serum containing 
added prostatic phosphatase, and determining the inorganic 
P hydrolyzed in one hour. The )-adenylic acid obtained 
from Nutritional Biochemicals Corporation yielded 0.0180 
mg. of P; that from Mann Research Laboratories yielded 
0.0193 mg. of P. This indicates a difference in lability 
to phosphatase of about ?%. This would seem to be a clo s e 
enough agreement for the substrate to be useful in clini-
cal determination of phosphatase. 
Development of Method 
Factors influencing color development: 
The procedure of Fiske and Subbarow for inorganic p 
exhibits sensitivity to certain substances which may be 
present in the mixtures analyzed. Hence a study of the in-
fluence of the various components of these mixtures was ma.de. 
Trichloroacetic acid: 
The acidity is known to have a large effect on 
the development of molybdenum blue color. 
Solutions containing graduated amounts of tri-
chloroacetic acid were made up in duplicate. Equal 
amounts of standard phosphate were added to each. 
These were treated as standards in the procedure giv-
en above in developing the color. The optica l densi-
19 
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ties obtained are shown in the following table. 
Table 1. Effect of Trichloroacetic Acid Concentration: 
·---·-..... -~ .. - .............. ·-··-·-·---··------" 
Trichloro- Optical % Difference 
acetic Acid Density (from 5.% trichloro-
Concentration acetic) _.___ ... 
·-
. 
---=-------·-. 
10% 0.569 + 6 
----
---~ _,.. __ _________ 
5% 0.538 0 
------ --- 1-------- ---· ----
2.5% 0.541 + 0.6 
o% 0.538 0 
-
The acidity of the Molybdate II reagent is a;opa_r-
ently sufficient to sustain the reaction. Concentra-
tions of trichloroacetic acid above 5% should be avoided. 
The trichloroacetic acid efficiently precipitates 
the serum proteins at this concentration. Supernatants 
drawn off after trichloroacetic acid precipitation and 
centrifugation did not show any cloudiness on acldi tion 
of sulfosalicylic acid. A slowly developing cloudiness 
resulted from addition of tungstate, but this happened 
to an equal extent in blanks) showing it to be a. non-
specific effect. The serum containing solutions should 
be mixed by inversion rather than shaking to avoid froth-
ing. After centrifuging out the precipitated proteins 
the supernatant fluid should be decanted very ca.refully. 
Pipet.ting off the sup ernatant is a somewhat safer proce-
dure. 
Serum: 
Standards with and without serum 't.Yere compared 
to determine whether serum itself has an effect on 
color development. The serum proteins were removed 
as usual before color development, and each of the 
standards was compared to its own blank. The opti-
cal densities resulting were: 
vli th serum ---- 0. 282 
Without serum - 0.274 
The serum-containing stan<lard showed about 2. 9ot 
more color. Adsorption of phosphate on the trichloro-
acetic acid precipitate is not indicated. The small 
increase could be due to lower phosphate concentration 
in the precipitate. 
Buffer: 
Stand.ards were prepared with acetate buffer (0.2 
M, pH .5) and with water and compared as above. The 
optical densities obtained were: 
i'li th buffer -----;- 0. 54.5 
Without buffer 0 • .543 
The difference shown is less than 0.4%. 
Yea.st ad.enylic acid and J-glycerophosphate: 
The concentrations of yeast adenylic acid andjB-
glycerophosphate used in the substrate mixtures in 
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the outlined procedure are 200 mg. per 100 ml. and 
500 mg. per 100 ml. respectively. Standards made up 
in buffered substrates of these concentrations gave 
the following optical densities: 
~-glycerophosphate -- 0.594 and 0.589 
(500 mg. per 100 ml.) 
3-adenylic acid----- 0.594 and 0.585 
(200 mg. per 100 ml.) 
The averages differ by about 0.3,£.lb , whereas the 
duplicates differ by 0.8% to 1 • . 5%. 
When higher concentrations of both these sub-
strates were used, sharp inhibition of color forma-
tion was observed. Three-adenylic acid at 250 mg. 
per 100 ml. allowed color development, but at 300 mg. 
per 100 ml. the color was observed to develop slowly. 
Increasing the substrate concentrations to twice the 
amounts given in the procedure (400 mg. per 100 ml. 
for 3-adenylic acid;lOOO mg. per 100 ml. for )B-glycero-
phosphate) very strongly inhibits color formation. 
The color is also very unstable with time, making col-
orimetric comparison wholly impracticable. This in-
hibition of color formation by high j-glycero9hosphate 
concentrations was noted as early as 1936 by Kutscher 
and \>J'Brner ( 36) . 
Stability of color: 
The color developed increases slowly with time. 
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In order to determine the time after the add.i tion of 
the a.minone.phtholsulfonic acid reagent at which the 
color should be read for best accuracy, this increase 
was followed. The time course of color development 
is somewhat different for the different substrates, so 
this was done in both substrate mixtures and with wa-
ter; phosphate was added to each. These tubes were 
not prepared in duplicate and all reading s for each 
substrate were made on the same tube at the specified 
time intervals after the addition of aminonaphtholsul-
fonic acid reagent. The following table gives the op-
tical densi ties (O.D.'s) obtained, and, in addition, 
the optical densities obtained with each tube a t 15 
minutes being e,rbitrarily designated as 100% color for 
that tube, the optical densities at other times are ex-
pressed as percentages of this value to facilitate com-
pari son. 
Table 2. Stability of Color: 
5 15' 30' 6o• minutes 
-
-· - - ~ 
Water .569(0.D.) .581 
.594 .615 
97.8% 100% 102% 105.9% 
-
3-Adenylic .585(0.D.) .598 .602 .620 
Acid 
(200 mg.%) 97.9% 100% 100.8% 103.8% 
/ -Glycero- .527 (0. D.) .581 .589 .611 
PhOsPhate 
-( 500- mg.%) 90.6% 100% 101.2% 105% 
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The colpr when~-glycerophosphate is present at this 
concentration is somewhat slower to d.evelop as shown by 
the low reading at 5 minutes. 
In all cases the change during the 10 minute interval 
before the 15 minute reading is greater than during the 1.5 
minute interval following it. At 15 minutes the color is 
well enough stabilized that if readings are made quickly 
(including the reading on the standard) the error from col-
or instability will be small. If a large series of tubes 
are to be read, a somew.aat longer interval for color dev-
elopment may be allowed. 
Note that the increase in color after 15 minutes is no 
greater when either substrate is present. This indicates 
that the color instability is not due to the lability of 
the substrates in the acid medium. 
In order to determine the influence of color develop-
ment time on rela.ti ve accuracy in comparison of tubes con-
taining differing amounts of phosphate, tubes were prepare a_ 
containing serum and serum to which ad.di tional phospha.te 
ioTas added. Optica.l densities were determined. at intervals 
and the ratios between the optical densities of the two 
tubes calculated. These tubes did not contain substr•a.te. 
Similar results were obtained. in dunlica.te experiments 
with both substrates. The following table shows the re-
sults of this experiment. 
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Table 3. Influence of color instability on relative accuracy: 
5 Two 
minutes 15 1 30 1 6o• 120 1 days 
-----
. -
-·· -
_, ____ ,_,.. .. -- ............. 
~-"""'"'""--= f"'-"'-· 
-·- ---
Serum 
-392 .406 .409 .420 .444 .824 
-t 0. D. 
added 
phosphat§} 
Serum .144 .149 .149 .155 .161 .292 
' 
+ 0. D. r 
H20 I 
- - I 2.82 1 Ratio ~:2.72 2.72 2.74 2.71 2.76 I 
The constancy of the ratio between the optical densi-
ties of the two solutions containing different amounts of 
phosphate indica.tes that readings may be taken anytime dur-
ing the interval from 15 minutes to one hour ~.vi th no sacri-
fice in relative accuracy. As pointed out earlier the color 
is more stable after 15 minutes. It is important tha.t all 
tubes, including standards, should be read at the same time. 
It has already been shown that substrate lability is 
not responsible for the insta.bility of color, since the col-
or increases at approximately the same rate with no substrate 
present. Some additional deductions concerning the increase 
in color may be made from these data, but a brief review of 
the chemical reactions involved will make this clearer. 
An excess of molybdic acid is added to the mixture in 
which phosphate is to be determined. The phosphate present 
converts a stoichiometric amount of the molybdic acid to 
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molybdophosphoric (phosphomolybdic) acid.. The aminonaph-
tholsulfonic acid reagent is then added. This reagent sel-
ectively reduces the molybdenum of the molybdophosphoric 
acid without reducing the excess of molybdic acid. The 
reduced product, "molybdenum blue 11 , is a colloidal solution 
of pentavalent molybdenum oxide. The amount produced is 
ultimately dependent on the amount of phosphate present. 
From table 3 it is seen that the increase in color of 
either solution is roughly proportional to the intensity of 
the color in that tube, since the ratio of optical densi-
ties of the two tubes remains remarkably constant even after 
two days of color development. This ratio remains constant 
even though the absolute density of the color has approxi-
mately doubled. Since t h e increase of color is approximate-
ly proportional to the amount of molybdenum blue present it 
is probably due to a chang e in its colloidal state. 
The color intensification is shown not to be due to 
slow reduction of the excess molybdate because the increa.se 
is not proportional to the concentr ation of the molybdate. 
The excess is quite large and its concentration would be 
approximately the sa.me in all tubes - a.ctually slightly 
highei· in blanks. Intensification of the color due to this 
factor would have considerably reduced the ratio in the two 
days of color development. Bl a.nks change d very little dur-
ing this interval. 
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As a matter of interest the ability to develo~ color 
after the addition of a.minonaphtholsulfonic a.cid I'eagent was 
investigated. The a.minonaphtholsulfonic acid in the rectgent 
acts as a catalyst for the reduction by sulfite in the rea-
gent. 'When added to the acid solution so2 is evolved slowly . 
To see if this loss of S02 rapidly impairs the ability of the 
reagent to develop color with molybdophosphoric aci d, the 
phosphate was added at various intervals after the reducing 
agent ~ras added. rrhese tubeS 1-Tere COIDpe.red with a tube Which 
contained phosphate a.t the beginning. The followin g table 
-
shows the optical densities obtained. 
Table 4. Retention of color development ability after addi-
tion of aminonaphtholsulfonic acid reagent: 
-:-r f.!Ii nutes until 6o+ addition of 0 2 5 Two days phosphate 
--
-~·---
Optical .810 .803 .810 .803 .824 Very little 
Density color 
~-- ---!l;!j·-~ ..... ~~.~~ .. 
develops 
-
., __ ~,-,...., __ ·~ '---~· 
The loss of S02 apparently does not reduce the cap-
ability of color development during the first hour at least. 
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Factors influencing incubation: 
pH: 
The influence of pH on the rate of hydrolysis was 
determined for 3-adenylic acid over the range where ace-
tate buffers would be applicable. As a first step 0.2 M 
acetate buffers were prepared in the range from pH 3.73 
to pH 6.6. To these buffers 3-adenylic acid (200 mg. p er 
100 ml.) was addeo., and they were incube.ted with serum to 
which additional prostatic phosphatase had been added. The 
optical densities obtained by P analysis on these tubes 
are given in Figure 1. 
The addition of 3-adenylic acid to the buffer has a 
considerable effect on the pH of the mixture. For this 
reason the adjustment of pH on the buffer-substrat e mix-
ture rather than on the buffer alone should contribute to 
the accuracy of. the adjustment. 
To evaluate the effect of the substrate, in changing 
the pH of the buffers, their pH's were determined before 
and after addition of the 3-adenylic acid. The buffers 
wer e prepared in the range which showed maximum hydroly-
sis in Figure 1. These were hydrolyzed with serum with 
added prostatic phosphatase. The optical densities ob-
tained are shown in table 5. 
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Figure l: 
Influence of buffe r pH on hydrolysis: 
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Table 5. Change of pH by added buffer - hydrolysis vs. :9H: 
pH of pH of buffer Optical 
+ 
buffer substrate Density 
- -~- ·- ... -·- ; f:=:;;.:::;::.;::;,;;:.:~ .... --=:---
5.48 5.40 .192 
6.0 5.75 .206 
6.53 5.98 .197 
··- --~ .. - ---
The data of table 5 are sho1~rn in figure 2. Fig-
ures 1 and 2 indicate that the hydrolysis curve is fair-
ly symmetrical around the buffered substrate pH of 5.75. 
A change of i of a pH unit in either d.irection reduces 
the hyd.ro l ysi s by about 4% to 4. 5.%. 
The effect of a dding serum on the pH wa.s al so de-
termined, though it would not be practicable to check 
the pH of es.ch "incubation mixture" routinely. A nooled 
specimen of serum was used. 
Buffer ------------------------ pH 6.00 
Buffer+ adenylic acid --------pH 5.75 
Buffered substrate -+ serum ---- pH 5.79 
Substra te concentration: 
The rates of hydrolysis obtained with both substrates 
were determined through a range of substrate concentra-
tion s. Since it was desired .to select a substra te concen-
Figure 2 : 
Effect of buffer pH and buffered subst rate pH on hydrolysis : 
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tration which gave a high rate of hydrolysis with pros-
tatic phosphatase, a dilution of purified prostatic 
phosphatase was made in approximately 1,~ bovine albu-
min. This was frozen in two tubes which rrere used im-
mediately after thawing. One 'tiras used. in the incuba-
tions rri th / -glycerophosphate and the other with 3-e.de-
nylic acid substrate. 
The substrates were made up in 0. 2 M acets.te buffer 
to the desired substrate concentrations. The pH of the 
3-adenylic acid solutions were adjusted to pH 5.75, and 
the pH of the~glycerophosphate solutions were adjusted 
to pH 5 with glacial acetic acid.. The same pH was used 
with ,P-glycerophosphate as given in Hav.rk, Oser & Summer-
son (21) since it was desired to compare the method dev-
eloped for 3-adenylic acid with a method in common us-
age. Separate blanks were prepared for each substrate 
concentration. Since substrate concentrations were to 
be used which were greater than that shown to be inhibi-
tory to color development (p. 22), 5 ml. aliquots rather 
than 10 rnl. aliquots of the supernatants were used in 
the determinations of P. The amounts of P hydrolyzed in 
one hour by 0.5 ml. of the enzyme :preparations at d.iffer-
ent substrate concentrations are given in the first two 
columns of table 6. These data are graphed in figure 3. 
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Table 6 
Hydrolysis by prostatic phosphatase at different 
substrate concentrations: 
3-Adenylic Acid Substrate, pH 5.75 
-·-------
-··· ··~----···---- ........... ..__ . 
Substrate mg. p ~r 10,000 1 Concentration hydrolyzed 
= substrat~ mg. p (mg. per 100 per hour 
mi.) oncentration 
n mg. per J · 
100 ml. 
I 400 .0249 25 40.2 
I .0258 38.8 
·-! 300 .02.54 33 ~ 39.4 ! 
.0254 ' 39.4 i 
1 
--: 
43.1 l 200 .0232 50 j 
I .0236 42.4 
: 
100 .0222 100 4.5.0 
1 . 0217 46.0 
'-----
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Figure 3: 3 / f\ 
Hg . of P hydrolyzed ?er hour at different substrate concentrations 
by prostati c phosphatase : 
~~-~--~ Il H--H--IH--1--H-1---1-1---1-1---1-I---I-1 
i r-- -=~ 1-+ I : ~=~~ ·-[+ ~G---l_~~l--J.--l-+-1 
--jifu_ 1-1. - L_ I~ ---+--+-++++--H--H---1--_j- -H--+-- -~-!- +-+ ~ --~~--~~ l+L I 
-+-H--L ·- I l-- --I- --rt-r---- - 1 f--i , • ~=r+r!-+-~~ -1--+-l---l 
--h I I I --1-+++-H--+++-i -1+--- --:FF .F~- \-Lr-rF -f--LR=q- ~--
~~-f-- I r:+-- Tl-w: . i HI '-- ,_1-++-l--1 :__L_~I Tl , I I 
=l=rL I~ t_j~~-r!--1-+~-l-!~-~-~--~---~-~i-+--!-!-!-~~ -~-! ---l~---',---~--+--,--l--+-~--~--+--+--H-*'-- . 
-1- I Lj__ I I . I I ! ~:-= ~~± _::LJ_:_ ~~- ·JJL1 +--1-+-+--1--++-1--l---l---+--1--1--l---+--f--_-,~-++- -~-~ J--!- - -f-- ---fi I i + ~-:- · -tr-+----rr~e •- 4-+-~+-+-1--1--r--+--H-Hr--1-l---1--+--1--+. , __ +-rj- ~ ·- -1--ltlt-t_, ii_j_jj~ +,---- I - +-r!- ·r·Ci -li :H-- ,. 1 -f 1 
-l- ·-- -----t a-1'"-ti-1----f =f=--'- ----~~EH_L_H--1- --~~~i---1---l---+-+--~1---1 
____j_J___ - b , r\~L- 1 l: 1 - -1-c-- _ 
-i ___ L __ 1!~· > · ~1 1- ~8----r--1-+---~--1--1--H-r • -- -l--L-r-1 - : l ( ,_, -H--- -- -l-- -r- 1 I l--
- I 
' 
lj___ 
I 
I 
::_
1 -~:-_=--r.,--.:: _ j-~i' i - ~I I I I I I j_ -~ I I-f --~ ± -4-f 
,-- I I .-- ~t- =r-- q_: ~~--·-__=t~_~i ,:-1 ~l--J.--1--l--1 
l--r -- r-r--+ -- --H-- --~~ . -- l-- " 
' I I I I I 
~t 1- 1-- -H .1----j-~--1-+-+-~+-++-+-+-+-+++-+--H-
1 _j 
I 
1--- ~ 1- f--·- - I 
I 
fJ ~o• .,.00 /DOO 
(1~) 
~> He t: ..,rraTlon 
r 1 ,/.} 
In selecting a substrate concentration giving good 
hydrolysis it is helpful to be able to compare the hyd-
rolysis obtained with the maximum obtainable by varying 
substrate concent ration. Graphing the da t a of t a ble 6 
by the method of Lineweaver and Burke (40) allows an est-
i ms.te of this maximum. 'I'he Lineweaver and Burk e form of 
the Michaelis-Menten equation for enzyme kinetics is: 
_I = 
,.;-
[s] = substrate concentration 
v = reaction velocity 
Ks= equilibrium constant for 
enzyme-substrate comnlex 
V • maximum reaction velocity 
K8 and V are constants, so the plot of 1/v s.gainst 1/[S] 
gives a straight line with slope, Ks/V, and y-intercent, 
1/V. 
In the third and fourth columns of table 6 the re-
ciprocals of the data in columns one and two are given. 
These reciprocals are plotted in figure 4. It is seen 
that the da ta conform fairly ~rell to this equa tion. The 
velocity of reaction is in terms of mg. of P hydrolyzed 
in one hour by the prostatic enzyme. For convenience 
in plotting, the reciprocal of the substrate concentra-
tion in mg. per 100 ml. is multiplied by 10,000. The 
high substrate concentrations during hydrolysis were 
u sed to obtain points nearer the y-intercepts. 
• 
• 
• 
:Figur e W. : 
Eg . of P hydroly zed per hour at diffe r ent substr ate 
c oncentrati ons by prostatic phosph atase . 
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The y-intercepts from figure 4 are about 34 for 
glycerophosphate and 38 for 3-ad.enylic acid. These 
correspond to maximum velocities of 0.029 mg. of Pjhr. 
for } -glycerophosphate and 0.026 mg. Pjhr. for 3-adeny-
lic acid. Note that at high substrate concentrations 
the hydrolysis rates are close but that at low substrate 
concentrations the hyd.rolysis of 3-adenylic acid is much 
more rapid (Figure 3). 
The hydrolysis rates obtained with p -glycerophos-
phate at 500 mg. per 100 ml. and with 3-adenylic a cid at 
200 mg. per 100 ml. averaged 0.0229 mg. P/hr. and. 0.0234 
mg. P/hr., respectively (Table 6). The theoretical max-
imum velocities are 0.029 mg. P/hr. forf-glycerophos-
phate and 0.026 mg. P/hr. for 3-adenylic acid. The per-
centages of the theoretical maximum velocity for each 
substrate which were obtained at these substra te concen-
trations are: 
33 
Beta-Glycerophosphate ---~ 
(500 mg. per 100 ml.) .029 X 100 = 79% of maximum 
Three-Adenylic Acid -----0.02~ X 100 = 89% of maximum (200 mg. per 100 ml.) 0.02 
No great advantage is to be gained by increasing the 
substrate concentrations beyond these values, and because 
of color development inhibition by both compounds this 
would necessitate the use of smaller ali quots for the det-
ermination of hydrolyzed P. At these concentrations the 
determination is not undul~ sensitive to small errors 
in concentration of substrate. From the slopes of ~ig­
ure 3 at the concentrations used it may be calculated 
that a 1% change in substrate concentration will alter 
the hydrolysis rates by about 0.15% for 3-adenylic acid 
and 0.28% for jB-glycerophosphate. At lower substrate 
concentrations these values would increase. 
One point of comparison for the data of figure 3 
may be made from the data in the recent article of Gold-
berg and Jones (16A). These workers, in characterizing 
the phosphatase activity of human endometrium, compared 
it to seminal flui d and to a homogenate of prostatic 
gland. They determined the activity of the6e enzyme 
preparations on a. variety of substrates, including 3-
adenylic acid. and_/- glycerophosphe.te. The substra.tes 
were made up in 0.2 M acetate buffer to pH 5. The sub-
strate concentrat ions were both 0.01 M. At this sub-
strate concentration the velocity of hydr olysis was 1.24 
t imes faster with 3-adenylic acid than with~-glyc ero­
phosphate using seminal flui d. It was correspondingly 
1.46 times more rapid using a prostat ic homo genate . Sub-
strate concentrat ions of 0.01 M correspond to 347 mg. per 
100 ml. fo r 3-adenylic acid and to 306 mg. per 100 ml. for 
)'-glycerophosphate. The velocities of hydrolysis obta ine d 
at these substrate concentrations were about 0.0252 mg. 
of P/ hour with 3-ao_enylic acid and 0.0202 mg. of P j hour 
wi th,ft-glycerophosphate (from Figure 3'). Purified 
prostatic phosphatase was used in these determinations. 
The corresponding ratio of hydrolysis rates was 0.02 52 
0.0202 
= 1.25. 
Time-hydrolysis: 
The method develop ed for 3-adenylic acid was 
checked for linearity of hydrolysis up to three hours 
by incubation with a p roste.tic phosphe.te.se dilut ion 
in 1% bovine albumin. Table 7 gives the mg . of P ob-
tained after incubation for the specified times. The 
percent of P hydrolyzed in terms of the total a vail-
able P in the 10 ml. of adenylic acid subs,trate used 
is shown in the third column. Three-adenylic conta ins 
8.92% P. The amount of P in 10 ml. of adenylic acid 
(200 mg . per 100 ml.) is 200 .08 92 = 1.784 mg . Fig-
10 X 
ure 5 sho1-.rs the mg . of P hydrolyzed during the s-peci-
fied times, and figure 6 show·s the same data in terms 
of the % of ave.ilable P hydrolyzed. 
Figure 5: 
Hydr olysis of 3 - adenylic a cid by prostatic phosphatase: 
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Figur e 6 : 
Hydrolysis of 3 - adenyli c a ci d by prostatic phosphatase : 
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Table 7. Hydrolysis of )-adenylic acid by prostatic 
phosphatase: 
Time of mg. p 
.'Jb 
Incubation 
(hours) 
hydrolyzed hydrolyzed 
1/2 0.0109 0.611 
0.0110 0.616 
1 0.0222 1.243 
0.0228 1.278 
2 o.o44o 2.46 
I 0. 0449 2.51 
3 0.0656 J.68 
0.0673 3.77 
Up to three hours the hydrolysis was quite linear, 
anc1 no inhibition of hydrolysis by the end products -vm.s 
noted up to this point. The % of a.Yailable P hydrolyzed_ 
from the substrate was about 3-7 at three hours. The 
transmittance in the Evelyn colorimeter (720 m~) at three 
hours was a bout 10%. There 1Ne.s no sertlm present, and the 
enzyme preparation contained very little phosphate so the 
color was almost entirely due to hydrolyzed phosphate. 
An idea of the duplicability of the overall proce-
dure may be obtained from the data of Table 7. Dupli-
cates check ""rithin a bout 2.6% or better in this series. 
Evaluation of Method 
The primary value of J-ad_enylic acid as a substrate 
would be its selectivity for acid phosphatase of prosta-
tic ori gin in order to be useful in detection of ce.rci-
noma of the p rostate. It was therefore compared, from 
the standpoint of t his selectivity, withJ' - glycerophos-
phate substra te. Phenyl phosphate substrate 'l.vas also 
included in this comparison. The procedures u sed with 
J-adenylic and w1 th ? -glycerophosphate were as given in 
this paper. Phenyl phosphate was hydrolyzed in 0.2 M 
acete.te buffer, pH 4.9 _. and 1% (di-sod.ium phenyl phos-
phate) substrate concentration. Ten ml. of bu ffereo_ 
substrate e.nd 0. 5 ml. of enzyme preparation w·ere used 
in the hydrolysis as with the other substrates. Phenol 
"t>J"B.s determined r a ther than phosphate by using Folin & 
Ciocalteu reagent. The equivalent in mg. P/hr. 'l'ras 
calculated from the amount of phenol hydrolyze d . Col-
ors in t h e phenol determination were read in an Evel yn 
colorimeter at 660 mr. These three substrates 1'Iere hyd-
rolyzed with purified prostatic phosphatase in 1~ bovine 
albumin and with a hemolysate of ~mole blood (about 1 
drop of blood per ml. of water). The hemolysa te con-
t a ined a large amount of acid phosphate.se from erythro-
cytes. The lability of these substrates to the t wo 
phosphatase preparations is shown in table 8. 
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Table 8 
Lability to proste_tic and erythrocyte phosphate.se 
preparations: 
A. Prostatic Phosphatase: 
-- - -~-Substrate Optical mg. of P Density hydro-~yzed_ per h_ 
-
~ 
3-Adenylic 0.3.50 . 0.0236 
Acicl 0.347 l 0.0234 
( 200 mg. per I 100 ml.) ~ 
,..._ 
. ~ 
"1 j3-Glycero- 0.331 !; 0.0224 ! phosphate 0.326 ~ 0.0220 (.500 mg. per I 
100 ml.) l J 
Phenyl 0.583 0.0183 
Phosphate 0.597 0.0188 
(1%) 
--- - - ----
j 
B. Erythrocyte Phosphatase: 
3-Adenylic j 
Acid 0.048 0.00325 I 
( 200 mg. per - I 
100 ml. ) 1---------t-----·-· ~---------~--~~~ 
j3-Glycerc-
phosphate 0.022 I 
(500 mg. per . 
1-- -1_00 __ ml~:·-' -~1--------+---------.; 
0.00149 
Phenyl 
Phosphate 1 0.910 0.0285 
( 1%) 
...___ ______ -----·--------~~-~-----r==•>--------' 
In table SA the optical density obtained by phenol det-
ermination after the hydrolysis of phenyl phosphate by pros-
tatic phospha_tase is consicterably higher than the optical 
densities obtained by P determination when the other sub-
strates were used. The P calculated as being equivalent to 
the phenol hydrolyzed, however, is somewhat lower. Though 
the aliquots differ somewhat, this does not account for the 
difference. Hence the phenyl phosphate is actua.lly not more 
labile to prostatic phosphatase than the other substrates, 
but the determination for phenol is somewhat more sensitive 
than the determination of P. 
At the substrate concentration selected as being near-
optimal for 3-adenylic acid, (200 mg. per 100 ml.), it is 
hydrolyzed only about 0.0235 = 1.06 times as rapid~ by 
0.0222 
proste.tic phosphatase as is ?-glycerophosphate. Both 3-ade-
nylic acid and J'-glycerophosphate are very insensitive to 
erythrocyte phosphatase, relative to the high sensitivity 
of phenyl phospha.te. Three-adenylic acid is a.ctually some-
what more sensitive thanj1-glycerophosphate to erythrocyte 
phosphatase, but the concentration of this enzyme in the 
hemolysate is much higher than would be encountered in ser-
urn. With respect to selectivity between these two acid phos-
phatases, at least, 3-adenylic acid ana_ )3-glycerophosphate 
are quite similar. The advantage in lability to prostatic 
acid phosphe.tase of 3-adenylic acid over ~-glycerophosphe.te 
at these substrate concentrations (at higher concentra-
tions ,&-glycerophosphate would have the a.dvantage ) is 
rather small. 
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DISCUSSION AND CONCLUSIONS 
A method for the assay of acid phosphatase in serum 
using 3-adenylic acid as substrate was developed. The var-
ious factors involved in the steps of the procedure w·ere 
studied and evaluated in the section, "Development of :Meth-
od11. In most of the developmental procedures this sub-
strate v.ras compared with )'-glycerophosphate. 
The procedure which was developed involves incubating 
serum with 3-adenylic acid at a pH of 5.75 in an acetate 
buffer. The concentration of 3-adenylic acid selected as 
giVing near maximal hydrolysis was 200 mg. per 100 ml. of 
the buffered substrate mixture. Higher substrate concen-
trations interfered with color development. The incubation 
wa.s e.llolved to proceed for one hour at 38°C.; the hyd.roly-
sis was then arrested with trichloroacetic acicL The pre-
cipitated protein was separated by centrifugation. The 
inoi'ganic phospha.te hydrolyzed from the substrate vras then 
determined colorimetrically by the procedure of Fiske and 
Subbarow (15). Slight modifications in the procedure were 
made to adapt it to the specific conditions of this test. 
Three-adenylic acid seems to be well adapted for serum 
acid phosphatase assay. However, its adoption for this pur-
pose would not seem warranted unless it were shown to poss-
ess distinct advantages over substrates in common usage. 
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Its principle value as a substra.te would be its selec-
tivity for prostatic acid phosphatase relative to phospha.-
tases of other origin found in serum. This selectivity 
makes it potentially usefUl in the detection of carcinoma 
cf the prostate. This substrate was compared withj3-gly-
cerophosphate and with phenyl phosphate from the standpoint 
of its selectivity for prostatic phosphatase and for ery-
throcytic phosphatase. It was shown to be very similar to 
~-glycerophosphate in this resp ect - sensitive to prostatic 
phosphatase and insensitive to erythrocytic phosphatase. In 
addition, at the substrate concentrations selected 3-adeny-
lic acid was hydrolyzed only about 6% more rapidly than j3-
glycerophosphate by prostatic phosphatase. Hence its ad-
vantage in lability is rather small. 
Any advantage in the use of 3-e.denylic acid as a. sub-
strate to replace f-glycerophosphate in routine clinical 
determination of serum acid phosphatase would not seem to 
justify . the trauma of "re-tooling the industry". Its sel-
ectiVity for prostatic acid phosphatase is not greater, and 
it would be somewhat more expensive. This certainly does 
not imply that this substrate is not of value in investi ga-
tional work with phosphatases. 
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ABSTRACT 
In metastatic carcinoma of the prostate, high levels 
of acid phosphatase are found in the serum (19). The meas-
urement of acid phosphatase in serum is a valuable aid in 
diagnosis of this disease and in following the response to 
treatment. 
The prostate produces large amounts of acid phospha-
tase, and cancerous prostate as well as distant metastases 
show this a.bility. i~hen the prosta.te is normal, no signi-
ficant amount of the enzyme is present in the serum. It 
is found in semen in high concentration, ano_ spasmodica lly 
in urine. Large amounts of the enzyme usually leak into 
the blooo_, hov-rever, from carcinoma of the prostate and from 
metastases of this origin (55). About 20% of patients with 
prostatic carcinoma do not have abnormal levels even though 
the disease is far advanced (54). 
Since the a_cid .phosphatase of serum is not all of pros-
tatic origin, it is desira.ble to be a_ble to distinguish the 
11 pro sta.tic 11 enzyme in dealing with pro static disease. Serum 
contains variable amounts of non-prostatic acid phosphatases. 
This fraction consists of red cell acid phosphatase and oth-
ers less well characterized. Acid phosphatases of different 
origin show different substrate specificities and respond 
differently to certain activators or inhibitors. 
A number of methods have been used to measure the fract-
X 
ion of the serum acid phosphatase which is of prostatic 
ori gin. The procedures adopted for this purpose are: 
1. The substratejS-glycerophosphate is naturally 
selective toward prostatic acid phosphatase (54). 
2. Inhibition by L-tartrate (14) using phenyl phos-
phate substrate. 
J. Inhibition by alcohol and selective inactivation 
by heat (22). 
4. Formaldehyde inactivation of the non-prostatic 
portion (33). 
5. Comparison of hydrolysis rates between morpholine 
ethanol phosphate and.;5-glycerophosphate substrates 
(11). 
The phosphate group of yeast adenylic acid (3-adenylic) 
is auite labile to phosphatase action. It has been used as 
a substrate in a number of phosphatase studies. Fischman· 
et al. {13) employed 3-adenylic acid for the assay of p ros-
tatic acid phosphatase in extracts of normal and abnormal 
prostatic tissue. They state: 
11 This substrate, Which is now commercially 
available, is particularly suitable for 
the determinations because of the rapid. rate 
at Which it is hydrolyzed by the enzyme. It 
is split by prostatic phosphatase about 
three times as rapidly as ft-glycer·ophos-
phate. This difference might possibly be 
of value in blood analysis in order to dis-
tinguish prosta.tic phosphatase from aci d 
phosphatases of other or igin. 11 
xi 
Xii 
In a r ecent review Rosenmund (46) notes that the use 
· of )-adenyl ic acid to distinguish prostatic phosphatase 
from other acid phosphatases in blood as suggested by Fisch-
man et al. has not yet been confirmed. 
Three-Adenylic acio_ \vas employed by Bernhard and R.osen-
bloom (5) as a substrate for alkaline phosphatase in serum. 
They compared this suostrate with adenosinetri~hosphate and 
lvi t h 1-glycer·ophosphate. They stated: 
11 Yeast adenylic acid substrate gave the 
most consistent results, it is a stable 
compound., not subject to spontaneous 
hydrolysis in acid solutions." 
This investigation was undertaken to deVise a practi-
cal procedure for B.ci d phosphatase asse.y in serum using )-
adenylic acid as substre.te ancl to determine its suitability 
for routine clinical use in distinguishing the prostatic 
por·tion of the acid phosphatase of serum. 
Exuerimental 
A method for the assay of acid phosphatase in serum 
using )-adenylic acid as substrate was developed. In most 
of the developmental procedures this substrate was compared 
with p -glycerophosphate. 
The procedure which was d.eYeloped involves incubating 
serum with )-adenylic acid at a pH of 5.75 in an acetate 
buffer. The concentration of )-adenylic e.cid selected as 
giving near maximal hydrolysis was 200 mg. per 100 ml. of 
the bu f fered substrate mixture. Higher substrate concen-
trations interfered with color development. The incubation 
was allowed to proceed for one hour at 38°0.; the hydrol-
ysis was then arrested with trichloroacetic acid. The pre-
cipitated protein was sepa.rated by centrifugation. The in-
organic phosphate hydrolyzed from the substrate was then 
determined colorimetrically by the procedure of Fi eke and 
Subbarow (15). Slight modifications in the procedure were 
ma,de to adapt it to the specific conditions of this test. 
The procedure of Fiske and Subba.row for inorganic p 
exhibits sensitivity to certain substances Which may be 
present in the mixtures analyzed. Hence a study of the var-
ious components of these mixtures was made. 
When higher concentrations of either }?-glycerophosphate 
or J-adenylic acid were used in the buffered substrates, 
color development 't'ITas strongly inhibited. A concentration 
of 3-adenylic acid of 250 mg. per 100 ml. allowed color dev-
elopment, but at 300 mg. per 100 ml. the development was 
slow. 
The re,te of hydrolysis was determined for J-adenylic 
acid at various pH's. Three-adenylic acid "Yras made up in 
0.2 M acetate buffers and the pH adjusted With acetic ecid. 
A fairly broad and symmetrical maximum 'tnfas obtained a_t about 
pH 5.75. This pH value was incorporated into the procedure. 
The effect of the concentration of these substrates on 
hydrolysis by prostatic acid phosphatase was investigated. 
xiii 
Graphing the data by the method of Lineweaver and Burke 
(40) allows an estimate of the maximum rate to be made. 
The hydrolysis rate increases more sharply 'td th /-glycero-
phosphate than with )-adenylic as substrate concentrations 
are increased, so that )-adenylic acid is only very little 
more sensitive to prostatic phosphatase at the substrate 
concentrations selected. The concentration of )-adenylic 
which was selected (200 mg. per 100 ml.) gave about 89% 
of the maximum hydrolysis rate. Increasing the substrate 
concentration beyond this woulo_ not result in a great gain 
in sensitivity of the test and would interfere with subse-
quent color development. 
Three-adenylic acid seems to be well adapted for ser-
um acid phosphatase assay. However, its adoption for this 
purpose would not seem warranted unless it were shown to 
possess distinct advantages over substrates in common usage. 
xiv 
Its principle value as a substrate would be its selec-
tiVity for prostatic acid phosphatase relative to phospha-
tases of other origin found in serum. This selectivity makes 
it potentially useful in the detection of carcinoma of the 
prostate. This substrate was compared with J-glycerophos-
phate and ~ri th phenyl phosphate from the standpoint of its 
selectivity for prostatic phosphatase and for erythrocytic 
phosphatase. It was sho~~ to be very similar to ft-glycero-
phosphate in this respect - sensitive to prostatic phosnha-
tase and insensitive to erythrocytic phosphatase. In addi-
tion, at the substrate concentrations selected 3-adenylic 
acid was hydrolyzed only about 6% more rapidly than j3-gly-
cerophosphate by prostatic phosphatase. Hence its ad_ van-
tage in lability is rather small. 
Any advantage in the use of 3-adenylic acid as a sub-
strate to replace ~-glycerophosphate in routine clinical 
determination of serum acid phosphatase would not seem to 
justify the trauma of "re-tooling the industry 11 • Its sel-
ectivity for prostatic acid phosphatase is not greater, and 
it would be somewhat more expensive. This certainly does 
not imply that this substrate is not of value in investi-
gational work with phosphatases. 
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